Infection of BALB/c mouse cells with UVirradiated herpes simplex virus (HSV) types 1 and 2 resulted in activation of a xenotropic type C virus detected by infectious center formation in permissive rat cells. The levels of type C virus activated by HSV were related to the UV dose and the multiplicity of infection used. The ability of HSV to activate type C virus was eliminated by heat-inactivation and by neutralization with specific antiserum against HSV, but was not affected by purification or treatment with DNase and RNase. Maximum levels of type C virus in the cells and medium were observed within 1 day after HSV infection, and the levels returned to control cell values within 3-4 days. The possible significance of these findings with respect to the putative oncogenic potential of HSV is discussed. Cells of many, if not all, mammalian species contain repressed genomes of type C RNA viruses. Activation of these repressed genomes with resultant virus synthesis may occur spontaneously (1) or may be induced by biological (2), chemical (3-6), or physical (7) means. Evidence exists to suggest that the genomes of these vertically transmitted endogenous RNA viruses can play a role in spontaneous tumor induction (8, 9).
repressed genomes with resultant virus synthesis may occur spontaneously (1) or may be induced by biological (2) , chemical (3) (4) (5) (6) , or physical (7) means. Evidence exists to suggest that the genomes of these vertically transmitted endogenous RNA viruses can play a role in spontaneous tumor induction (8, 9) .
Viruses containing DNA rather than RNA genetic material have also been implicated in the oncogenic process. Inoculation of herpesviruses into animals (10) or cells in culture (11) , for example, may be followed by the appearance of tumors or cell transformants that possess malignant potential. The putative role of herpesviruses in the oncogenic process is not clearly understood, however, and one may question whether the herpesvirus genome is in itself oncogenic or whether herpesviruses serve an indirect function by affecting a cellular factor(s) which is the direct oncogen. An example consistent with an indirect role in oncogenesis would be modification of expression of endogenous type C virus information after herpesvirus infection.
Evidence is presented here that herpes -simplex virus (HSV) types 1 and 2, inactivated by UV-irradiation, can activate an endogenous mouse type C virus. After the initial observations made in the senior author's laboratory, studies were carried out in collaboration with S.A.A., and the results from both laboratories are presented here.
MATERIALS AND METHODS
Cells and Media. Two murine nonproducer (NP) cell lines derived from BALB/3T3 cells were used. The K-BALB cell line contains rescuable Kirsten murine sarcoma virus information and is oncogenic in BALB/c mice (12) . The cell obtained from Dr. Masakazu Hatanaka (Flow Laboratories) was isolated from K-BALB cells that had been treated with BrdUrd, and is poorly oncogenic in BALB/c mice (13) .
Additional cells included the normal rat kidney (NRK) cell line (14) , primary Antisera. The preparation in rabbits and the characterization of antisera against HSV and infectious bovine rhinotracheitis virus has been described (15 (20) , is classified as xenotropic (21) .
The methods used for assaying type C virus induction were essentially as described (17) . Nonproducer K-BALB and 43-2 cells seeded 24 Table 2 shows the complete data from one experiment.
The three HSV strains tested showed comparable levels of type C virus activation with K-BALB and 43-2 cells. The spontaneous levels of activation with both cells was S5 X 10-6 regardless of whether medium alone or UV-irradiated or nonirradiated Vero cell extracts were used as controls. Finally, the time of UV-irradiation of HSV for type C virus activation was limited to approximately a 6-to 10-min period (Fig. 1) (Fig. 2) '1) and RNase (2.5 jtg ml-'), and concentrated with 8% polyethylene glycol 6000. The virus was layered on a 5-35% potassium tartrate gradient (0.01 M Tris, 0.001 M EDTA, pH 7.6) and centrifuged 2 hr at 50 at 25,000 rpm in the SW27 rotor. Fractions were collected from the top. The virus in fraction 20 was tested for activation of type C virus (see Table 3 , Exp. 3). PFU, plaque forming units. sera tested included normal rabbit (preimmune) serum, antiserum against infectious bovine rhinotracheitis virus, antiVero cell serum, human serum, and anti-ATS 124 serum. The treated samples were UV-irradiated and tested for their ability to activate type C virus. The results of three of five experiments are summarized in Table 3 .
None of the control sera lacking HSV neutralizing antibodies affected the ability of HSV (purified or nonpurified) to activate type C virus in either K-BALB or 43-2 cells. In contrast, neutralization of HSV to low levels (residual MOI <0.1) completely eliminated the virus' ability to activate type C virus. Partial neutralization of HSV resulted in reduced levels of type C virus activation which were comparable to the levels expected for the MOI used (data not shown).
Finally, inactivation of HSV by heating at 560 for 1 hr also eliminated the virus' ability to activate type C virus (data not shown).
Persistence of The sarcoma virus isolated from K-BALB or 43-2 cells by HSV types 1 and 2 and propagated in NRK cells was characterized in three ways. First, the virus was filtered and dilutions were inoculated on polybrene treated NRK, BALB/c, and NIH Swiss cells. The BALB/c and NIH Swiss cells showed no foci, even when the cells were passaged two to three times. In contrast, the sarcoma virus titers in NRK cells ranged from 100.5 to 102.5 focus forming units mlh'. Second, (26) . As shown here, synthesis of type C virions may occur relatively rapidly after HSV infection and persist for only a short period. Consequently, if testing for type C virus in HSV infected cultures is delayed, one may prematurely conclude from negative findings that type C virus could not have played a role in the initial transformation process. Second, the levels of type C virus production in HSV infected cells may be so low as to make detection difficult, and any virus produced may be of a xenotropic type, which would preclude infection of contiguous cells and resultant virus amplification. Under these conditions, attempts to detect type C virus in the HSV infected cultures by assaying for cell-associated antigens or the presence of RNA-containing particles in the medium may prove difficult, if not impossible.
Finally, the ability of HSV to activate type C virus synthesis may represent only a small part of the total affect HSV plays in altering the expression of type C virus information. It is known, for example, that both "normal" and transformed cells may contain type C virus coded antigens and/ or transcripts in the absence of virion formation (27) (28) (29) (30) (31) (32) 
